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Speech and
Language
Processing
over the Web

Changing the way people

communicate and access information

ver the past decade, the World Wide Web (WWW) has been evolving

into a central communication hub for consumers and businesses to

efficiently access and deliver multimedia information containing

text, speech, graphics, audio, or video. In this booming era of the

Internet, communication is evolving at an extraordinary pace,
changing from voice over traditional landline phones to multimedia data across
multiple mobile devices, services, and networks. Technological breakthroughs,
which are making people communicate more seamlessly and acquire information
more efficiently, are revolutionizing the fields of speech and language processing
and providing new research challenges and lucrative business opportunities in
areas of communication, entertainment, and marketing. Figure 1 shows a sample of
Web-based applications that are benefiting from the Internet revolution as well as
from advances made in mobile devices. The use of multimodal user interfaces and
multimedia outputs continue to play a role in the evolution of the Internet, trans-
forming traditional business applications such as customer care and security, and
promoting newer applications such as information search and mining.

As the content and usage of the Web continues to grow, the need for accurate sys-
tems to locate or extract meaningful and actionable information will continue to rise.
Three types of classes of systems have been evolving over the past decade. The first
class includes systems capable of searching through documents using keywords.
These systems, more commonly known as search engines, such as Google Search and
Yahoo Search, apply advanced language processing and probabilistic methods to
index words and phrases to enable rapid retrieval of documents. Search engine
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[TABLE 1] WEB STATISTICS INCLUDING CATEGORY, ESTIMATED VOLUME, SPEECH, LANGUAGE, AND

SOURCE, AND DATE OF CAPTURE. WEB TECHNOLOGIES
CATEGORY ESTIMATED VOLUME SOURCE DATE
DOMAIN NAMES 138 MILLION VERISIGN REPORT JUNE2007  WEB, VOICE, AND
ARCHIVED WEB PAGES 85 BILLION INTERNET ARCHIVE 2007 MULTIMEDIA SEARCH
VIDEO STREAMS 7 BILLION COMSCORE (U.S.) MARCH 2007
BLOGS 200 MILLION BLOG HERALD FEBUARY 2006
INTERNET USERS 747 MILLION COMSCORE JANUARY 2007 \WEB SEARCH
MOBILE INTERNET USERS 34.6 MILLION TELEPHIA JUNE 2006 L
BROADBAND SUBSCRIBERS 300 MILLION POINT TOPIC MARCH 2007 A Web search engine is a text-
INSTANT MESSAGING USERS 430 MILLION COMSCORE FEBRUARY 20ased information retrieval
VOICE OVER IP SUBSCRIBERS 34 MILLION ITFACTS DECEMBER 2006 .
BLOG READERS 63 MILLION COMSCORE (U.S) JULY 2007 system. It indexes the Web
SEARCHES PER MONTH 14 BILLION COMSCORE JULY 2007 and responds to keyword

queries with a ranked list of
Web pages. Aypical Web

of January 2007 (see also http://www.internetworldstats.com/search engine has four components: crawling, indexing,
stats.htm). According to Verisign, the total domain name regis- querying, and ranking. A Web crawler collects targeted con-
trations worldwide increased by 31% in the second quarter oftent from the WWW. The content can be regular Web pages,
2007 over the same quarter last year (http://www.verisign.com/formatted text documents such as PowerPoint slides, multi-
static/042726.pdf). media documents such as audio and video, or a specific cat-

The Web is the largest dynamic information warehouse in egory of information such as prices of products. An indexer
the world. Hundreds of millions of people search the Web dailyindexes the text and/or metadata of each collected item and
to locate relevant documents, news, videos, images, maps, etstores the generated indices in a database. Querying allows
There are over 14 billion searches per month worldwide with users to type a query in a certain syntax. Ranking compares
Google, Yahoo, MSN, Ask, and AOL accounting for the majorithe query against the stored indices, retrieves a list of docu-
ty of these searches. There are other types of search enginements deemed relevant to the query, and ranks the docu-
including those used for corporate intranet Web sites and ver- ments based on query relevancy scores. Table 2 outlines the
tical search engines specialized in finding specific information basic components of a Web search engine. Commercial
such as movie times, images, and product prices. search engines apply a great deal of engineering efforts to

Business over the Web has been booming over the pasachieve high performance.
decade, particularly in the areas of online advertising and  Ranking is a key for determining the search performance.
sales of products and services. Internet advertising reachedlerm frequencybinverse document frequency (TF-IDF) is the
nearly US$21 billion in 2007 and is expected to double overbasic mechanism used for ranking [1]. Current search engines
the next four years. Ten years ago, the market capital forconsider a much richer set of features such as linking proper-
Google, Yahoo, Amazon, and Ebay was under a billion dolties of the Web, user preference, and date and time of docu-
lars. Today, these four companies have nearly US$350 billiorments. For instance, the OPage RankO algorithm that most
of market capital. search engines use today to rank search results interprets a

[TABLE 2] BASIC COMPONENTS OF A WEB SEARCH ENGINE.

CRAWLER:

1) START WITH A LIST OF URLS, CALLED SEEDS.

2) RETRIEVE WEB PAGES FROM THE URL LIST, STORE PAGES ON LOCAL DISKS, AND EXTRACT HYPERLINKS FROM THESE PAGES.
3) UPDATE THE URL LIST WITH THE HYPERLINKS THAT HAVE NOT BEEN VISITED.

4) GO BACK TO STEP 2.

INDEXING:

1) TOKENIZE DOCUMENTS TO SEQUENCES OF TERMS AND REMOVE STOP WORDS SUCH AS OAO AND OTHE.O

2) BUILD INVERTED INDEX, A DATA STRUCTURE STORING A MAPPING FROI) TERMBJUMENT IDENTIFICATION TERM FREQUENQW, INVERSE
DOCUMENT FREQUEN@YK), AND POSITIONS @FINd;. THt;, d;) IS THE NUMBER OF TIMEBPPEARS IN. IDF IS COMPUTED ABF(t;) = log (N/df;),
WHERE(; IS THE NUMBER OF DOCUMENTS THAT CONTAIN

RANKING:

1) EACH DOCUMENTI() AND QUERY(() IS REPRESENTED AS A VECTOR IN A N-DIMENSIONAL EUCLIDIAN; SPACE: - - - Wy, - - -Wy;), WHERE N IS THE
NUMBER OF TERMS IN THE DOCUMENT COLLECTGNST F(t;.d;).IDF(t;) ANDw;q = TF(t;, q).IDF(t;)
2) RELEVANCY BETWEEMND d; IS MEASURED AS THE COSINE OF THE VECTORS TF-IDF IS USED TO POPULATE THE VECTOR:

WiWig

cos(q, d) =~
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